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METHOD OF AND APPARATUS FOR ACTIVATING A SPREAD- 
SPECTRUM RADIOTELEPHONE RECEIVER 

CROSS REFERENCE TO RELATED APPLICATION 

This application is related to co-pending U.S. patent application serial no. 
5 08/807,075 filed herewith by Storm et al. and entitled "Method and Apparatus for 
Acquiring a Pilot Signal in a CDMA Receiver." The related application is 
assigned to the assignee of the present application and is incorporated herein by 
this reference. 

J FIELD OF THE INVENTION 

f 0 This invention generally relates to reducing power consumption in portable 

radios such as radiotelephones. More specifically, this invention relates to an 
apparatus and method for activating a radiotelephone receiver in a spread- 
spectrum multiple access radiotelephone system. 

BACKGROUND OF THE INVENTION 



15 In a radiotelephone system, the portable radiotelephone is configured for 

radio communication with one or more remote base stations. To save power and 
increase battery life of the radiotelephone, the radiotelephone system can 
operate in a slotted paging mode. During slotted paging mode operation, the 
radiotelephone does not continuously monitor a paging channel. The 

20 radiotelephone only monitors the paging channel at predetermined times. During 
times when the radiotelephone is not monitoring the paging channel, the 
radiotelephone "sleeps" in a low power mode by disabling certain radiotelephone 
circuitry, thereby reducing power consumption. 

Slotting paging mode is critical to the battery life of portable 

25 radiotelephones. Thus, the goal of slotted paging mode operation is to reduce 




the on time of the radio to a minimum and to disable as much of the radio as 

possible during sleep periods. 

When recovering from a sleep period, or more generally when activating 

the radiotelephone receiver, the radiotelephone must acquire a radio frequency 
5 (RF) link with a base station in the radiotelephone system. Link acquisition and 

synchronization, as well as other operations such as communication protocols, 

are defined in an air interface specification. One example of such a specification 

is the Telecommunications Industry Association/ Electronic Industry Association 

(TIA/EIA) Interim Standard IS-95, "Mobile Station-Base Station Compatibility 
10 Standard for Dual-Mode Wide-band Spread Spectrum Cellular System" (IS-95). 

IS-95 defines a direct sequence code division multiple access (DS-CDMA or 
% CDMA) radiotelephone system. Other air interface specifications exist for 

wireless local loop (WLL) radiotelephone systems, and new air interface 
+? specifications are being proposed for advanced wide-band spread spectrum 

p5 radiotelephone systems (commonly referred to as third generation cellular 

telephone systems). 

J! Part of the process for a radiotelephone to acquire an RF link with a base 

F station is the radiotelephone finding an appropriate signal that a base station 

-II transmits and then synchronizing to the transmitted signal. Synchronization to 

=4 io the transmitted signal is necessary whether the CDMA system is synchronous 
(e.g. all base stations are synchronized to a common timing reference) or 
conversely asynchronous (e.g. all base stations are not synchronized to a 
common timing reference). 

For example, in the IS-95 system, synchronization of a radiotelephone 
25 with a base station involves the radiotelephone generating local pseudo-random 
noise (PN) sequence and aligning that PN sequence with the system PN 
sequence. This is accomplished through the acquisition of a pilot signal 
transmitted by the base station. The radiotelephone thus contains a sequence 
generator to generate the PN sequence. The radiotelephone uses a searcher 
30 receiver or other mechanism to align the locally generated PN sequence to the 
PN sequence of the pilot signal transmitted by the base station. Once the pilot 
signal has been acquired, the radiotelephone acquires a synchronization signal 
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and a paging signal, and the radiotelephone can then correctly demodulate traffic 
channels and establish full duplex link with the base station. 

In slotted paging mode, a radiotelephone periodically checks for 
messages from base stations. The radiotelephone must decode one or more 
5 frames of data every T seconds. For example, in the IS-95 CDMA system, T is 
calculated by T=1 .28*2' seconds, where i is typically set to 0 or 1 . In order to 
extend radiotelephone battery life, part of the circuitry of the radiotelephone is 
put to sleep between slotted paging messages (e.g. a clock signal is gated off to 
circuitry being put to sleep). 

10 FIG. 1 is a timing diagram showing how the prior art radiotelephone 

activates while operating in the slotted paging mode. The PN sequence timing is 

% shown on time axis 400, and the corresponding radiotelephone event is shown 

jrjf on time axis 401. 

£ Time axis 400 shows that a PN roll boundary occurs at time 404. In 

ri 5 spread spectrum systems, the PN sequence is usually of a finite length that 
'"7 repeats itself after cycling through the entire sequence; the PN roll boundary 

jy marks the starting point of the PN sequence. For example, in the IS-95 system, 

S~ the PN roll boundary occurs once every 26.66 msec. 

-A Time axis 400 also shows that a frame boundary occurs at time 406. In 

!fe 20 the IS-95 system, the 80 msec frame boundary occurs once every 80 msec and 

is aligned with the PN roll boundary. A paging message begins on an 80 msec 

frame boundary. 

Several radiotelephone events must take place before the frame boundary 
in order for the radiotelephone to demodulate and decode a paging message. 

25 Prior to time 402, the prior art radiotelephone is in a sleep state wherein a clock 
to the receiver modem circuitry is gated off. When the radiotelephone initially 
entered the sleep state, the microprocessor stored the current PN sequence 
state. The radiotelephone then remains in the sleep state for a predetermined 
amount of time, and the microprocessor keeps track of the sleep time to produce 

30 an awake state when the radiotelephone is brought out of the sleep mode. 

Just prior to time 402, the microprocessor programs the awake state to 
the receiver modem and reapplies a clock signal to the receiver modem. This 
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awake state represents a best estimation by the microprocessor of the state of 
the PN sequence when the radiotelephone is brought out of sleep mode. The 
awake state is thereafter updated real time in an attempt to track the PN 
sequence. 

5 In prior art spread-spectrum radiotelephones, approximately 90% of the 

receiver modem circuitry is gated on and enabled at this point. Thus, within the 
receiver modem unit, clock signals are applied to all of the demodulation 
branches, the searcher receiver, and associated timing circuitry . 

At time 402, a WAKE event occurs, and a WAKE pulse loads identical 
10 state information into the searcher receiver and the demodulation branches, 
thereby synchronizing them relative to one another. The searcher unit then 
J searches received signals until a suitable high-energy ray is found. Once a 

^ suitable pilot signal is found, the timing of the searcher receiver and all of the 

=P demodulation branches are slewed so that their timing matches the PN 

ED j 

£45 sequence communicated through the pilot signal. Slewing is a process that 
y involves advancing, delaying, or holding the internally generated PN sequence 

Kj relative to the received PN sequence. This establishes a timing reference. 

s=?= In a typical prior art CDMA radiotelephone, the radiotelephone requires 

% approximately 30 msec to acquire a pilot signal and synchronize the searcher 

^20 receiver and the demodulation branches to the PN sequence; this is marked as 
time duration 410. Therefore, the WAKE event must occur at least 30 msec 
before the SLAM event which is to occur at the PN roll boundary at time 404. 
Since the clocks to the searcher timing unit, the branch timing unit, and the 
system timing unit have been gated on since the WAKE event, the important 
25 timing relationships between them are continually maintained. In addition, during 
this approximately 30 msec period, approximately 90% of the receiver modem 
circuitry is enabled, including all non-searcher receiver circuitry within the 
receiver modem. 

Prior art radiotelephone hardware is configured to initiate a SLAM event at 
30 the PN roll boundary (e.g. at time 404). A SLAM event is defined as the 

synchronization of the system timing unit of the radiotelephone receiver modem 
to the pilot signal PN sequence. The system timing unit controls the timing of the 
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entire radiotelephone receiver modem and directs the operation of the receiver 
modem. Thus, for a SLAM the microprocessor directs the system timing unit of 
the receiver modem to synchronize to the timing of the demodulation branches 
and the searcher receiver. 

The SLAM event occurs at time 404. During the 26.6 msec time duration 
412, 90% of the receiver modem circuitry is active. At time 406, the demodulator 
branches generate de-interleaver data and decode the paging message. The 
receiver modem finishes decoding the paging message at time 408, and the time 
for this is typically 35 msec, as marked by time duration 414. 

In addition to the radiotelephone awaking at predetermined times while 
operating in a slotted paging mode, the radiotelephone may also be required to 
wake up to process or respond to other events occurring either synchronously or 
asynchronously in the radiotelephone. One example of an asynchronous event 
is a user input, such as the key press of the keypad of the radiotelephone. 

Thus it can be seen that the prior art radiotelephone is inefficient for 
operation in the slotted paging mode. Reduced power consumption of the 
radiotelephone is a critical performance objective. The reduced power 
consumption increases radiotelephone battery life, thereby increasing the 
amount of time that the radiotelephone can operate without having to re-charge 
the battery. Accordingly, there is a need for a method and apparatus for 
efficiently and quickly enabling a spread spectrum radiotelephone during 
operation in slotted paging mode. There is a further need for a method and 
apparatus for efficiently activating a spread spectrum radiotelephone in response 
to synchronous and asynchronous events (e.g. initial activation of the 
radiotelephone). 

Brief Description of the Drawings 

FIG. 1 is a prior art timing diagram showing how the prior art spread- 
spectrum radiotelephone wakes up from an idle mode to decode a slotted paging 
message; 



FIG. 2 is a block diagram of a wireless communication system incorporating 
a radiotelephone; 

FIG. 3 is a block diagram of a searcher receiver for use in the 
radiotelephone of the communication system of FIG. 2; 

FIG. 4 is a timing diagram showing activation of the radiotelephone of FIG. 

2; 

FIG. 5 is a block diagram illustrating the interaction of the various timing 
elements within the receiver modem of the radiotelephone of FIG. 2; and 

FIG. 6 is a flow diagram illustrating a method of activating the 
radiotelephone FIG. 2 operating in a slotted paging mode. 

Detailed Description of Preferred Embodiments 



FIG. 2 shows a communication system 100 that includes a plurality of 
base stations, such as base station 102, configured for radio communication with 
one or more mobile stations such as radiotelephone 104. The radiotelephone 
104 is configured to receive and transmit spread spectrum signals tos 
communicate with the plurality of base stations, including base station 102. In 
the illustrated embodiment, the communication system 100 operates as a direct 
sequence code division multiple access (DS-GDMA) system. An example of 
such a system is outlined in TIA/EIA Interim Standard IS-95, "Mobile Station- 
Base Station Compatibility Standard for Dual-Mode Wideband Spread Spectrum 
Cellular System," operating at 800 MHz. Alternatively, the communication 
system 100 could operate in accordance with other DS-CDMA systems or 
frequency hopping spread spectrum systems. 

The base station 102 transmits various spread spectrum signals, such as 
an information signal on a traffic channel, to the radiotelephone 104. The 
symbols comprising the information signal are coded using a Walsh code in a 
process known as Walsh covering. Each mobile station such as the 
radiotelephone 104 is assigned a unique Walsh code so that the traffic channel 
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transmission to each mobile station is orthogonal to traffic channel transmissions 
to every other mobile station. 

In addition to traffic channels, the base station 102 broadcasts other 
signals such as a pilot signal over a pilot channel, a synchronization signal over 
a synchronization channel, and a paging signal over a paging channel. The pilot 
channel is commonly received by all mobile stations within range and is used by 
the radiotelephone 104 for identifying the presence of a CDMA system, initial 
system acquisition, idle mode hand-off, identification of initial and delayed rays of 
communicating and interfering base stations, and for coherent demodulation of 
the synchronization, paging, and traffic channels. The synchronization channel 
is used for synchronizing mobile station timing to base station timing. The 
paging channel is used for sending paging information from the base station 102 
to mobile stations including the radiotelephone 104. 

In alternate embodiments, the pilot signals comprise multiple pilot signals 
transmitted over a plurality of channels. Some of the pilot signals can be used, 
for example, for initial acquisition and signal strength determination. Other of the 
pilot signals can be used for storing group information, such as a group of base 
station identities. 

In addition to the Walsh covering, all channels transmitted by the base 
station are spread using a pseudorandom noise (PN) sequence. In the 
illustrated embodiment, the base station 102 and all base stations in the 
communication system 100 are uniquely identified by using a unique starting 
phase, also referred to as a starting time or phase shift, for the pilot channel PN 
sequence. The PN sequence is of a length 2 15 chips that are produced at a chip 
rate of 1 .2288 Mega-chips per second, and the PN sequence repeats at 
approximately every 26.66 milliseconds (msec). The minimum permitted time 
separation is 64 chips, allowing a total of 512 different PN code phase 
assignments. The spread pilot channel modulates a radio frequency (RF) carrier 
and is transmitted to all mobile stations including the radiotelephone 104 in a 
geographic area served by the base station 102. The PN sequence can be 
complex in nature, comprising both in-phase (I) and quadrature (Q) components. 




In an alternate embodiment, the base stations are asynchronous to one 
another, meaning that there is no common timing reference synchronizing all of 
the base stations together. The pilot signals transmitted from one base station 
are thus not synchronous to pilot signals transmitted by another base station. 

5 The radiotelephone 104 comprises an antenna 106, an analog front end 

108, microprocessor, logic, and control circuitry 1 16, a receive path, and a 
transmit path. The receive path includes an analog to digital converter (ADC) 
110 and a receiver modem 1 1 1 ; the transmit path includes a digital to analog 
converter 120 and a transmission path circuit 118. The receiver modem 1 1 1 

10 includes a RAKE receiver 1 12, a searcher receiver 1 14, a branch timing unit 140, 
a searcher timing unit 142, and a system timing unit 146. 

The antenna 106 receives RF signals from the base station 102 and from 
other base stations in the vicinity. Some of the received RF signals are direct 
line of sight rays transmitted by the base station. Other received RF signals are 

15 reflected or multi-path rays and are therefore delayed in time relative to the line 
of sight rays. 

Received RF signals are converted to electrical signals by the antenna 
106 and provided to the analog front end 108. The analog front end 108 
performs functions such as filtering, automatic gain control, and conversion of 

20 signals to baseband signals. The analog baseband signals are provided to the 
ADC 1 1 0, which converts them to streams of digital data for further processing. 

The RAKE receiver 112 includes a plurality of demodulation branches, 
including first demodulation branch 122, second demodulation branch 124, third 
demodulation branch 126, and fourth demodulation branch 128. In the illustrated 

25 embodiment, the RAKE receiver 112 includes four demodulation branches. 

However, other numbers of demodulation branches could be used, including only 
one demodulation branch. The demodulation branches are modified from 
conventional design to minimize activation time and power; further explanation 
follows in conjunction with FIGs. 2 through 6. 

30 The microprocessor, logic, and control circuitry 116 includes a 

microprocessor 117 and a clock 134. The clock 134 controls timing of the 
radiotelephone 104. The microprocessor, logic, and control circuitry 116 is 
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coupled to other elements of the radiotelephone 104, but such interconnections 
are not shown in FIG. 1 so as to not unduly complicate the drawing figure. 

Generally, the searcher receiver 1 14 within the receiver modem 111 
detects pilot signals received by the radiotelephone 104 from the plurality of base 
stations, including the base station 102. The searcher receiver 1 14 despreads 
the pilot signals using a correlator with PN codes generated in the 
radiotelephone 104. After this despreading. the signal values for each chip 
period are accumulated over a pre-selected interval of time. This provides a 
coherent sum of chip values. This sum is compared against a threshold level. 
Sums exceeding the threshold level generally indicate a suitable pilot signal ray 
that can be used for pilot signal timing synchronization. 

Referring to FIG. 3, the searcher receiver 1 14 includes a sample buffer 
system 200, a two-phase correlator 202 coupled to the sample buffer system 
200, an energy calculator 204 coupled to the two-phase correlator 202, an 
energy post-processor 206 coupled to the energy calculator 204, a searcher 
output buffer 208 coupled to the energy post-processor 206, and a PN generator 
system 210 coupled to the two-phase correlator 202. The sample buffer system 
200 includes a delay circuit 220 coupled to a receiver sample buffer 230, an 
address generator 226 coupled to the receiver sample buffer 230, and a 
multiplexer 238 coupled to the receiver sample buffer 230. The two-phase 
correlator 202 includes a first despreader 262 coupled to a first accumulator 274 
and a second despreader 264 coupled to a second accumulator 276. The 
energy calculator 204 comprises a latch and scale circuit 284 coupled to a 
multiplexer 290, a squaring circuit 294 coupled to the multiplexer 290, and an 
accumulate circuit 298 coupled to the squaring circuit 294. 

The PN generator system 210 includes a PN sequence awake state 
register 360 coupled to a real-time PN generator 370, an initial PN state register 
318 coupled to the real-time PN generator 370, a high-speed PN generator 372 
coupled to the initial PN state register 318, a mask register 336 coupled to the 
high-speed PN generator 372, and a next PN state register 340 coupled to the 
high-speed PN generator 372. 




The real-time PN generator 370 includes a real-time linear sequence 
generator (LSG) 310 coupled to a real-time PN roll (PNR) counter 312 and a 
real-time position counter 314. The high-speed PN generator 372 includes a 
high-speed LSG 322 coupled to the high-speed PN roll (PNR) counter 324 and a 

5 high-speed cell counter 326. The circuitry within the real-time PN generator 370 
and the high-speed PN generator 372 generally comprise flip-flops. 

A CDMA radiotelephone operable in a slotted paging mode thus includes 
a searcher receiver periodically activated to find a pilot signal of suitable signal 
strength, the searcher receiver synchronizing to a pseudorandom noise (PN) 

10 sequence timing of the pilot signal after each periodic activation of the searcher 
receiver. The radiotelephone also includes at least one demodulation branch 
coupled to the searcher receiver, and control circuitry to periodically activate the 
at least one demodulation branch substantially after each periodic activation of 
the searcher receiver and to direct the at least one demodulation branch to 

15 synchronize relative to the PN sequence timing of the pilot signal after each 

periodic synchronization of the searcher receiver. The control circuitry comprises 
a microprocessor. The radiotelephone further includes a system timing unit 
coupled to the at least one demodulation branch, and the microprocessor 
periodically activates the system timing unit substantially after each periodic 

20 activation of the searcher receiver and directs the system timing unit to 

synchronize relative to the PN sequence timing of the pilot signal after each 
periodic synchronization of the at least one demodulation branch. 

A description of how the receiver modem 1 1 1 (FIG. 2) and the searcher 
receiver 1 14 (FIGs. 2 and 3) activate from a sleep state during slotted paging 

25 mode operation is set forth below in conjunction with the timing diagram of FIG. 4 
and the flow diagram of FIG. 6. In FIG. 4, the PN sequence timing is shown on 
time axis 500, and the corresponding radiotelephone 104 event is shown on time 
axis 502. The time axis 500 shows that a predetermined PN chip boundary 
occurs at time 506, and a frame boundary occurs at time 508. 

30 In addition to the PN roll boundary of the PN sequence as defined by the 

cellular system standard, there is another designation termed a predetermined 
PN chip boundary. In the illustrated embodiment, the predetermined chip 
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boundary is chosen to occur on the 512 th chip of the PN sequence and is thus 
referred to as the 512-chip boundary; the 512-chip boundary is aligned with the 
PN roll boundary. In the IS-95 system, the transmitted chip rate is 1.2288 MHz, 
so the 512-chip boundary occurs once every 0.4166 msec. Other predetermined 
5 chip boundaries can be used as well. In the IS-95 system, the frame boundary 
occurs every 80 msec (e.g. this is when the radiotelephone must wake up to 
receive a paging message), and the frame boundary is aligned with the PN roll 
boundary. 

A method of operating the radiotelephone 104 in a slotted paging mode 
10 starts at block 600. The radiotelephone enters a sleep state at block 602. 

At block 604 the microprocessor 117 (FIG. 2) notes the current PN 
=0 sequence state and stores the current PN sequence state in a register as a PN 

IX sequence sleep state. While the radiotelephone is sleeping (e.g. prior to time 

set 

* 504 of FIG. 4), clock signals to portions of the receiver modem 1 1 1 (FIG. 2) are 

N=15 gated off to inactivate those portions, thereby reducing power consumption. For 
7 example, during the sleep state, clock signals to the RAKE receiver 112, the 

% searcher receiver 1 14, the branch timing unit 140, the searcher timing unit 142, 

^ and the system timing unit 146 are gated off. 

=0 The radiotelephone 104 remains in the sleep state for a predetermined 

~20 period of time, and the microprocessor 117 keeps track of that time at block 606 

(FIG. 6). The microprocessor 117 can use the clock 134 to track the idle time; 

alternatively, another clock (not shown) that does not go to sleep can be used. 

For example, a clock external to the microprocessor 117 can be utilized. Prior to 

time 504 (FIG. 4) the microprocessor 117 uses both the PN sleep state and the 
25 time that the radiotelephone 104 remained asleep to program a PN sequence 

awake state into the PN sequence awake state register 360 (FIG. 3) at block 608 

(FIG. 6). 

At time 504 (FIG. 4), a WAKE event occurs, thus initiating several receiver 
modem 111 (FIG. 2) actions. At least a portion of the receiver modem 111 
30 circuitry, such as the searcher receiver 114 and the searcher timing unit 142, is 
activated at block 610 (FIG. 6) by applying a clock signal to the receiver modem 
111 (FIG. 2). In an alternate embodiment, the searcher timing unit 142 is 
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encompassed within the searcher receiver 1 14 and is thus considered part of the 
searcher receiver 114. Circuitry within the receiver modem 111 other than the 
searcher receiver 1 14 and the searcher timing unit 142, however, remain gated 
off. For example, the RAKE receiver 112, the branch timing unit 140, and the 
system timing unit 146 initially remain inactive. 

To activate a portion of the receiver modem 1 1 1 , a chip clock signal is 
applied to the real-time PN generator 370 (FIG. 3) through input 306 (FIG. 3) to 
activate the real-time PN generator 370. The chip clock signal operates at the 
PN chip speed and can originate from any suitable source, such as the clock 134 
of the microprocessor, logic, and control circuitry 116. In addition, the searcher 
timing unit 142 is activated by applying an 8X clock signal. The searcher timing 
unit 142 contains control circuitry, registers, and a counter to configure and 
coordinate the timing of the real-time PN generator 370. The counter within the 
searcher timing unit 142 counts at a speed that is eight times as fast as the real- 
time chip clock signal and provides for high resolution tracking of the PN 
sequence. In sum, at time 504 only approximately 20% of the receiver modem 
1 1 1 circuitry is activated. This is designated as an intermediate, low-power 
mode. 

After activating at least a portion of the searcher receiver 114, the 
searcher receiver must acquire a transmitted signal, and in the illustrated 
embodiment, the transmitted signal comprises at least one pilot signal. In 
alternate embodiments, the transmitted signal can comprise multiple pilot signals 
on more than one channel, and the pilot signals on these channels can be code- 
division multiplexed or time-division multiplexed. 

As part of the WAKE event, at block 612 (FIG. 6) the microprocessor 117 
enables a WAKE pulse, and at block 614 the PN sequence awake state is read 
from the PN sequence awake state register 360 (FIG. 3) and loaded into the 
real-time PN generator 370 to establish a timing reference. This awake state 
information includes the 15-bit state of the in-phase and quadrature-phase PN 
sequence that is loaded into the real-time LSG 310 (FIG. 3). The awake state 
also includes the 15-bit state of the real-time PN roll counter 312 (FIG. 3). The 
PN roll-counter 312 counts the number of chips and the number of symbols since 
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the last PN roll boundary to indicate the present position within the PN sequence. 
This roll counter information is important for achieving the high resolution SLAM 
that will occur at time 506 (FIG. 4). 

At block 616 (FIG. 6), the WAKE pulse also causes the real-time position 
counter 314 (FIG. 3) to be initialized to an initial value (e.g. state). The real-time 
position counter 314 is used at a later stage of activation and changes state 
whenever the real-time PN generator 370 is slewed. For example, if the real- 
time PN generator 370 is slewed by four chips, the real-time position counter 314 
will track that. The slew control is applied on line 308, and the state or value of 
the real-time position counter 314 is held constant when the real-time PN 
generator 370 is not being slewed. 

At block 618 (FIG. 6) the real-time PN generator 370 starts to generate a 
PN sequence at a first rate that is substantially equivalent to the rate of the chip 
clock signal present at input 306. This first rate is substantially equivalent to the 
chip rate of the received signal. The chip clock signal represents a first rate in 
terms of receiver modem 111 speed of operation. Thus, the real-time LSG 310 
increments the PN sequence real-time state at the chip rate to generate I and Q 
samples of the PN sequence at every clock cycle, and at block 620 (FIG. 6) the 
real-time PN roll counter 312 increments at the first rate for every clock cycle. 
This PN sequence generation represents an initial estimation of the position of 
the received PN sequence. 

The searcher receiver 1 14 (FIGs. 2 and 3) then detects a pilot signal to 
acquire system timing. At block 622 (FIG. 6), as the PN generator 370 is 
generating the PN sequence, the ADC 110 (FIG. 2) receives a transmitted 
analog signal from the analog front end 108 and converts the analog signal to 
digital samples that are applied to an in-phase (I) input 212 and a quadrature- 
phase (Q) input 214 (FIG. 3). A delayed version of the digital samples, 
comprising the digital samples delayed by one-half of a chip duration, is 
produced by delay circuit 220. 

At block 624 (FIG. 6) the digital samples and the delayed versions of the 
digital samples are stored in the receiver sample buffer 230. The delayed 
version is produced so that two energies at a half-chip time separation can be 
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calculated simultaneously during the high-speed pilot signal search subsequent 
to the receiver sample buffer 230 being filled with samples. If duplicate hardware 
is not included in the searcher receiver 1 14 (e.g. only one correlator instead of 
the two correlators shown here in the two-phase correlator 202), then it may not 
be necessary to produce a delayed version of the incoming samples. 
Alternatively, if more correlators are included in the searcher receiver 114, more 
delayed versions may need to be generated. Since the delayed versions are 
produced substantially simultaneously as the digital samples are received, the 
detection of the pilot signal digital samples occurs at substantially twice the chip 
rate. 

An address generator 226 instructs the receiver sample buffer 230 as to 
where to write each of the digital samples and the delayed versions of the digital 
samples (and later where to read the stored data). In the illustrated embodiment, 
the received I and Q digital samples are four bits each, yielding eight bits for a 
single l-Q sample pair; the delayed version is another eight bits. The combined 
l-Q pair and the delayed version comprises sixteen bits, so the width of the 
receiver sample buffer 230 is sixteen bits. There are memory locations for 1024 
sixteen bit samples. Other memory configurations and bit structures can be 
utilized. 

Two different clock signals are applied to the multiplexer 238. The chip 
clock signal operating at real time is applied to first input 232, and a high-speed 
clock signal is applied to second input 234. The high-speed clock signal 
operates at a faster speed than the chip clock signal. Selection of the clock 
signals is made by applying a control signal to control input 236. While the 
receiver sample buffer 230 is loading digital samples, the chip clock signal is 
selected on the multiplexer 238. Thus the digital samples are loaded into the 
buffer at the real time clock speed, but since the delayed versions are produced 
substantially simultaneously as the digital samples are received, the detection of 
and storing of the pilot signal digital samples occur at substantially twice the chip 
rate. 

The samples stored in the receiver sample buffer 230 represent the pilot 
signals received by the searcher receiver 114. The signal may contain directly- 
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received pilot signals and/or multi-path rays. The receiver sample buffer 230 
thus provides a buffer for storing a plurality of samples of a received signal. 

When the very first I and Q samples are written into the receiver sample 
buffer 230, the PN state of the real-time PN generator 370 at this instance in time 
5 is noted and loaded into the initial PN state register 318. This will indicate how 
the stored samples are referenced to the PN sequence generated by the real- 
time PN generator 370. 

After detecting a pilot signal, the real-time PN generator 370, and thus the 
searcher receiver 114, is synchronized to a PN sequence timing related to at 
10 least a portion of a detected pilot signal. Thus, during time duration 512 (FIG. 4) 
but after the receiver sample buffer 230 (FIG. 3) is filled, a high-speed search is 
% performed to search the stored samples for a suitable pilot signal (e.g. for a pilot 

IJ: signal which produces a correlation energy above a predetermined threshold 

"I value). For the high-speed search, substantially all of the circuitry of the 

%ks searcher receiver 1 14 (FIGs. 2 and 3) except for the real-time PN generator 370 
"f operates at the higher speed of the high-speed clock signal (for figure clarity, the 

j"2 high speed clock signal is shown as being applied only to the second multiplexer 

M 1 input 234, a high speed clock input 278 of the second accumulator input 278, 

■| and the high-speed PN generator 372 at input 328). Thus, the multiplexer 238 

^0 is switched from the chip clock signal present at input 232 to the high-speed 
clock signal present at second input 234 (FIG. 3). 

At block 626 (FIG. 6) the microprocessor 1 17 (FIG. 2) determines a 
window size over which to search the stored samples. For example, a window 
size of four will dictate a search of four separate one-half chip offsets of PN 
25 space. Since the two-phase correlator 202 (FIG. 2) comprises two correlators, 
two different offsets can be searched simultaneously. It is recognized that other 
suitable window sizes can be selected, and other hardware configurations are 
envisioned such that less or more searches can be performed simultaneously. 
At block 628 (FIG. 6) one of the searches within the prescribed window 
30 size is initialized by the microprocessor 117. The searcher receiver 114 

searches for a suitable PN sequence offset at the second rate of the high speed 
clock. A suitable PN sequence offset is one that generates a high correlation 
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energy for the detected digital samples. Here, the second rate is faster than the 
first rate. 

For the first pair of searches, the high-speed cell counter 326 of the high- 
speed PN generator 372 (FIG. 3) is initialized to zero. The PN state stored in the 
initial PN state register 318 is loaded into the high-speed PN generator 372 so 
that the high-speed LSG 322 and the high-speed PNR counter 324 are set to the 
proper values. This will ensure that the samples that are searched and 
correlated will be referenced to the real-time PN sequence present when the 
samples were originally detected and written to the receiver sample buffer 230. 
The high-speed PN generator 372 will then re-generate the original real-time PN 
sequence at the higher clock speed, and apply those PN signals to the first 
despreader 262 and the second despreader 264 (FIG. 3). The in-phase PN 
sequence is applied through line 330, and the quadrature-phase PN sequence is 
applied through line 332 (FIG. 3). 

When the high-speed PN generator 372 has incremented one chip in the 
PN sequence, that state is stored into the next-PN-state register 340. This will 
be used as the starting point for the next high speed search within the 
predetermined window size. The next starting point is advanced a whole chip 
from the initial PN state because a half chip increment is already correlated from 
the delayed version of the digital sample. 

The two-phase correlator 202 (FIG. 3) correlates the samples in the 
receiver sample buffer 230 with the PN sequence generated from the high-speed 
PN generator 372 to produce a correlation result. At block 630 (FIG. 6) a 
correlation is started. For the correlation process, the samples are first despread 
with first despreader 262 and second despreader 264. The despreaders are 
multipliers or other despreading circuitry as is known to those skilled in the art. 
Next, the despread data is applied to the first accumulator 274 and the second 
accumulator 276. The accumulators comprise accumulation and summing 
circuitry and logic circuitry known to those skilled in the art. 

The sums generated in first accumulator 274 and second accumulator 
276 are applied to the energy calculator 204. The accumulated signals are first 
applied to the latch and scale circuit 284. The latch and scale circuit 284 
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comprises flip-flop circuitry and can alternatively be incorporated into the first 
accumulator 274 and the second accumulator 276. Combinational logic within 
the latch and scale circuit 284 is used to scale the accumulated values as 
necessary for energy post processing. 
5 The latch and scale circuit 284 is used to latch either an intermediate 

correlation result or a final correlation result (e.g. correlation over a prescribed 
correlation length) for performing an energy calculation. For example, if the 
prescribed correlation length for a particular PN offset is 256 chips, an 
intermediate length can be selected to be 64 chips. When the first 64 chips are 
10 accumulated at the two-phase correlator 202, the accumulated value is latched 
and its energy value calculated and compared to an intermediate threshold value 
2 present at threshold input 295 of energy post-processor 206. An intermediate 

Jjr energy calculation is first performed to determine if the offset presently used for 

% the high-speed search is producing a suitably high energy result. If it is not, the 

!==15 high speed search for that particular offset is abandoned, and the high-speed 
r search continues for the next PN offset. Other prescribed correlation lengths 

W and intermediate correlation lengths can be used. 

kf If the intermediate calculated energy value is above the intermediate 

|) energy threshold value, the two-phase correlator 202 is unlatched and the rest of 

^'20 the samples for that PN offset are despread and accumulated via the two-phase 
correlator 202 for the prescribed accumulation length. The latched and scaled 
accumulated values are applied to multiplexer 290 and then sequentially applied 
to squaring circuit 294. Thus, the accumulated l 0 is first applied to the squaring 
circuit 294 and squared, and the squared value is applied to the accumulate 
25 circuit 298. Then the accumulated Q 0 is squared and applied to the accumulate 
circuit 298 to produce the total energy value of the correlation (e.g. I 0 2+ Q 0 2 )- 

The energy value is compared against a second threshold value present 
at threshold input 295 of the energy post-processor 206. If the energy value is 
above the second threshold value, an energy indicator bit associated with that 
30 energy value is asserted high. If the energy value is below the second threshold 
value, the energy indicator bit associated with that energy value is asserted low. 



-17- 



At the beginning of a high-speed search, all the storage locations within 
the searcher output buffer 208 are initiated to zero. The first correlation energy 
value along with its associated energy indicator bit is then applied through line 
296 to the searcher output buffer 208 and stored in one of the storage locations. 

Throughout the high-speed search, the energy post-processor 206 keeps 
track of which location within the searcher output buffer 208 is storing the lowest 
energy signal. If a currently calculated energy value is greater than the signal 
with the minimum energy already stored in the searcher output buffer 208, the 
energy post-processor 206 will cause the newly calculated energy value to 
overwrite that register within the searcher output buffer 208 by sending a location 
over line 297. 

As previously stated, when a high speed search is initiated, the searcher 
output buffer 208 is initialized to have all energy values in its storage locations 
set to zero. The first few energies that are calculated will automatically be written 
into the searcher output buffer 208 since the calculated energy values will be 
greater than the zeros initialized in the storage locations. Even if the final 
accumulated value over the prescribed correlation length is less than the second 
threshold value, that energy value will be stored in the searcher output buffer 208 
with an associated energy indicator bit asserted low. Once the searcher output 
buffer 208 is full, if more searches are being performed (because the window 
size is larger than the buffer size) calculated energy values are compared 
against stored energy values. The newly calculated energy value will then 
overwrite a stored energy value if the calculated energy value is greater. The 
stored energy values are passed back to the energy post-processor 206 for 
comparison via line 296. 

The read/write position of each stored energy value is selected by a 
searcher position signal applied at selection input 300. This searching process is 
repeated until the high-speed search has been performed for the prescribed 
window size. 

For a window size of four, a total of four high-speed searches are 
performed, two at a time. The first pair of high-speed correlations that are 
simultaneously performed will produce energy values of l 0 2 +Q 0 2 and l^+Q, 2 . Two 
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more searches still need to be performed after the first two high-speed searches 

involving l(/Q 0 and 1,0, are performed. 

For the next high speed searches, the address generator 226 (FIG. 3) 

moves the pointer in the receiver sample buffer 230 back to the first written data 
5 samples at block 632 (FIG. 6). Also, the starting state for the high-speed LSG 

322 originates from the next-PN-state register 340; this state is advanced 1 chip 

(since the first two correlations were over a zero PN offset and a half chip PN 

offset) from the state stored in the initial PN state. 

The high-speed cell counter 326 will increment every time the high-speed 
10 PN generator 372 is offset from the initial PN state originally stored in the initial 

PN state register 318. For example, for the first two correlations of the window 
« size of four, the high-speed cell counter 326 has a value of zero. When the high- 

W speed PN generator 372 is advanced one chip for the next two correlations, the 

£ high-speed cell counter 326 is incremented to a value of one. The high speed 

rJ5 search process is then initiated with the advanced-by-one-chip PN sequence. 
^" When the number of high-speed searches performed is equal to the 

O selected window size, the high speed search process is complete at decision 

h& block 634. At block 636 the microprocessor 117 reads the energies stored in the 

2 searcher output buffer 208 over line 304 and determines the highest energy 

r %0 value associated with a pilot signal ray as well as the PN sequence position of 

the pilot signal. This is equivalent to acquiring a PN sequence timing of the pilot 

signal. 

At block 638 (FIG. 6), the real-time PN generator 370 (FIG. 3) is slewed to 
match the phase of the selected pilot signal. Specifically, the real-time LSG 310 

25 and the real-time PNR counter 312 are slewed to match the phase of the 

selected ray, and the real-time position counter 314 is incremented to track the 
slewing. The real-time PN generator 370 and the searcher receiver 1 14 are now 
synchronized to the PN sequence timing of the selected pilot signal. 

Prior to time 506 (FIG. 4), the radiotelephone 104 is brought out of low- 

30 power mode at blocks 640 and 642 (FIG. 6). Alternatively stated, the 
radiotelephone 104 is directed to switch from the low-power mode to a 
demodulation mode. For the demodulation mode, more circuitry within the 



-19- 



receiver modem 1 1 1 (FIG. 2) is enabled by applying a clock signal. For 
example, the system timing unit 146 is enabled by applying a clock signal to it at 
block 652 (FIG. 6). A gated version of the clock signal is applied to at least one 
of the demodulation branches of the RAKE receiver 112 and the branch timing 
unit 140 at block 636 (FIG. 6) to enable them at block 654 (FIG. 6). The clock 
signal applied to each of the demodulation branches of the RAKE receiver 1 12 is 
a gated version of the clock signal to the branch timing unit 140 so that each of 
the demodulator branches of the RAKE receiver 112 may be individually gated 
on or off. Not all of the demodulation branches need to be activated at this time. 

Still just prior to time 506 (FIG. 4), a demodulation branch synchronization 
is initiated at block 644. Thus, after activating the at least one demodulation 
branch, the at least one demodulation branch is synchronized to the real-time 
PN generator 370 of the searcher receiver 1 14. This branch synchronization is 
explained with reference to FIGs. 2, 3, 4, and 5. FIG. 5 shows how the real-time 
PN generator 370 of the searcher receiver 1 14 interacts with the searcher timing 
unit 142, the branch timing unit 140, the system timing unit 146, and the branch 
PN generators for each of the demodulation branches (e.g. first demodulation 
branch 122, second demodulation branch 124, third demodulation branch 126, 
and fourth demodulation branch 128). 

For clarity in FIG. 5, only specific timing block circuitry is shown for the 
searcher receiver 1 14, the plurality of demodulation branches (122, 124, 126, 
and 128), and the system timing unit. It will be understood by those skilled in the 
art that this is just a representative interaction block diagram, and more circuitry 
is associated with each of the blocks. Also for clarity, the branch PN generator 
534 for the first demodulation branch 122 is shown; each demodulation branch 
has a similar branch PN generator. 

Two steps are performed for the demodulation branch synchronization. 
First, the branch timing unit 140 is synchronized to the searcher receiver 114. 
This is accomplished by the microprocessor 1 1 7 (FIG. 2) directing through line 
532 the branch timing unit 140 (FIGs. 2 and 5) to synchronize its phase to the 
high resolution phase of the searcher timing unit 142 (FIGs. 2 and 5). Like the 
searcher timing unit 142, the branch timing unit 140 contains control circuitry, 
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registers, and a high resolution phase counter. The branch timing unit 140 
configures and coordinates the timing for the branch PN generators. Second, at 
least one demodulation branch is synchronized to the position of the real-time 
PN generator 370 of the searcher receiver 114. This is accomplished by loading 
through line 550 the PN state information, including a state of the PN roll count 
and the state of a PN position count, from the searcher receiver 1 14 real-time PN 
generator 370 to the PN generator of at least one demodulation branch (here 
branch PN generator 534 of first demodulation branch 122). 

The position of the real-time LSG 310 is loaded into the first branch LSG 
536, the state of the real-time PNR counter 312 (referred to as the state of the 
PN roll count) is loaded into the first branch PNR counter 538, and the real-time 
position counter 314 (referred to as the state of the PN position count) is loaded 
into the first branch position counter 540. This branch synchronization process 
can initially be performed on only one demodulation branch, or more than one 
demodulation branch can be activated and synchronized to the searcher receiver 
114. At this point, the selected demodulation branches have been synchronized. 

In considering the actual duration of time duration 512 (FIG. 4), the 
slewing process of the real-time PN generator 370 and the branch 
synchronization process are performed at a very high speed and represent a 
negligible portion of the total time duration 512. Moreover, since the pilot signal 
high-speed search was performed at the high clock speed, the high-speed 
search process is performed much faster than prior art spread spectrum 
systems. Time duration 512 (FIG. 4) to complete the WAKE event, the high- 
speed pilot search, and the branch synchronization is on the order of five msec. 
The prior art time to complete the WAKE event, the pilot search, and the 
searcher receiver/branch synchronization, shown as time duration 410 (FIG. 1), 
is on the order of 30 msec. Thus, power savings are achieved not only by 
turning on less circuitry during the WAKE event, pilot search process, slewing, 
and branch synchronization compared to the prior art, but also by operating 
much faster than the prior art. 

Now that the searcher receiver 1 14 and at least one demodulation branch 
are synchronized to the PN sequence timing of the selected pilot signal, the rest 
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of the receiver modem 1 1 1 must be synchronized. More specifically, the system 
timing unit 146 (FIGs. 2 and 5) must be synchronized at block 646. The system 
timing unit 146 controls the functions and interactions of the RAKE receiver 112 
(FIG. 2) and other circuitry. The system timing unit instructs the receiver modem 
1 1 1 on how to combine demodulated data from the multiple branches of the 
RAKE receiver 112, generates frame and symbol timing, and generally tracks 
system timing information needed to coordinate the circuitry within the receiver 
modem 111. 

Synchronizing the system timing unit 146 (FIG. 5) is termed a SLAM 
event. Referring to FIG. 4, the SLAM occurs at time 506. Since the searcher 
receiver 1 14 and at least one demodulation branch have already been 
synchronized to a pilot signal, the SLAM can be programmed to occur at a 
predetermined PN chip boundary by passing the necessary information to the 
system timing unit 146. This predetermined PN chip boundary can occur much 
sooner in time than the PN ro(l boundary. Here the predetermined PN chip 
boundary occurs every five hundred and twelve chips, whereas the PN roll 
boundary occurs every 2 15 chips. Thus, the predetermined PN chip boundary 
denotes less than a full length of the PN sequence. 

Synchronizing the system timing unit 146 at a predetermined PN chip 
boundary that is less than the PN roll boundary is termed a high resolution SLAM 
because the synchronization occurs much closer to the time 508 when decoding 
begins as compared to the prior art radiotelephone. For example, for a 512-chip 
boundary, the SLAM occurs approximately 0.42 msec prior to time 508 when 
page decoding begins; this is compared to the prior art radiotelephone 
commencing a SLAM at the next available PN roll boundary, which occurs 
approximately 26.6 msec before the page decoding begins. 

During the SLAM event, the PN state information is transferred from the at 
least one demodulation branch to the system timing unit 146. Specifically, the 
states of the branch PNR counters (e.g. branch PNR counter 538) are directed 
over the plurality of lines 554 to the system time counter 558. The states of the 
branch position counters (e.g. branch position counter 540) are transferred over 
the plurality of lines 556 to the reference position counter 560. The system time 
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counter 558 tracks the cellular network system time, and the reference position 
counter 560 references the position of a ray that the system timing unit 146 is 
tracking. The system timing control 562 controls and coordinates activity within 
the system timing unit 146 and receives instructions at input 542 that are 
directed from the microprocessor 117 (FIG. 2). 

The PN signal for each demodulation branch is generated by a respective 
branch LSG and appears on the plurality of lines 552. At block 648 (FIG. 6) the 
PN signals are then used by the respective branches to decode paging 
messages and generally demodulate data starting at time 508. The method 
ends at block 650 (FIG. 6) when the paging message is decoded. 

An alternate embodiment is also shown in FIG. 6 with a different 
sequence of steps occurring after block 636. During time duration 512 (FIG. 4), 
the system timing unit 146 is activated at block 652, and the branch timing unit 
140 and at least one demodulation branch are activated at block 654. The 
branch timing unit 140 and the at least one demodulation branch are 
synchronized to the searcher timing unit 142 and the searcher receiver 114, 
respectively, at block 656. 

The at least one demodulation branch is slewed to a PN timing of the at 
least one pilot signal at block 658. The branch LSG 536 and the branch PNR 
counter 538 are slewed to match the phase of the selected ray, and the branch 
position counter 540 is incremented to track the slewing. At block 646 (FIG. 6) 
the system timing unit 146 is then synchronized to the at least one demodulation 
branch. Other embodiments for activating and synchronizing the system timing 
unit and the demodulation branches after acquiring the PN sequence timing of a 
pilot signal will be evident to those skilled in the art. 

In another alternate embodiment, the searcher receiver 114 does not 
include the receiver sample buffer 230 and the high-speed PN generator 372. 
The searcher receiver is still enabled first, and the clock signals to the system 
timing unit and a demodulation branch after activation of searcher receiver to 
save power. 

The steps of activating the system timing unit and activating at least one 
demodulation branch can be described more generally as activating them after a 
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predetermined event has occurred, the predetermined event occurring after 
activating at least a portion of the searcher receiver. The predetermined event 
can also comprise the initiation or completion of any of the steps performed for 
acquiring the PN sequence timing of at least one pilot signal. 
5 As can be seen from the foregoing, the present invention provides a 

method and apparatus for activating a spread-spectrum multiple access 
radiotelephone receiver. The demodulation branches and the system timing unit 
are activated only after a predetermined event occurs, thereby providing for 
substantial power savings. Providing the system timing unit with certain state 
10 information allows the system timing unit to synchronize at a predetermined chip 
boundary that is less than a PN roll boundary, thereby enabling the receiver 

Iq modem to decode information more quickly; this provides an additional power 

fi savings. This power savings provide for a longer talk time or enables the use of a 

smaller batery. In addition, the slewing operation can be performed on either the 

145 searcher receiver or the demodulation branch, thereby providing flexibility in 

J 5 design. 

j =f The previous description of the preferred embodiments are provided to 

K= enable any person skilled in the art to use the method of or make the apparatus 

J for activating a spread-spectrum radiotelephone receiver. Various modifications 

! !o to these embodiments will be readily apparent to those skilled in the art, and the 
generic principles defined herein may be applied to other embodiments without 
the use of the inventive faculty. For example, the predetermined chip boundary 
for performing a SLAM can be defined to occur at other than a 512 chip 
boundary. The method described for activation in slotted paging mode can be 
25 adapted and applied to a radiotelephone activating into an acquisition mode. 

Thus, when the radiotelephone is first turned on, the searcher receiver circuitry 
can be activated first so that a suitable pilot signal may be detected and 
acquired. This may involve searching a larger PN sequence space, and perhaps 
even substantially all of the PN sequence space. Similar to above, the 
30 demodulation branch and the system timing unit are activated only after a 

predetermined eventoccurs, the predetermined event occurring a predetermined 
amount of time after activation of the searcher receiver. 
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In addition, the preferred embodiments have been described in 
conjunction with the IS-95 CDMA cellular telephone system. The preferred 
embodiments are equally applicable to other types of spread-spectrum cellular 
telephone systems, such as multi-carrier CDMA systems and third generation 
wide-band CDMA systems. 
We claim: 
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